U
ntil the late 1980s, an awareness of the location and character of obsidian sources in the American Southwest was virtually nil. In a region heavily dominated by interpretation of the prehistoric record through ceramic analysis, obsidian studies lagged significantly behind other surrounding regions. Indeed, because they little understood the usefulness of obsidian studies and did not work in this area, most prehistorians who even acknowledged the presence of obsidian in archaeological context assumed that the obsidian was derived from either the Government Mountain source in northern Arizona, the Superior (Picketpost Mountain) source in central Arizona, one of the sources in northern New Mexico, or some unknown (but exotic) source in Mesoamerica. These assumptions were partly justified since the major work on obsidian before 1980 focused on only a few well-known sources ( To be effective, however, the obsidian source standard data must be available to all interested archaeologists and archaeometrists and be presented in a form internally valid as well as reliable (see Bishop et al. 1990 and Hughes and Smith 1993). The original study of 18 glass sources presented in this journal in 1988 (Shackley 1988a ) was a result of a semi-quantitative analysis, internally consistent but not replicable and useful to other researchers. The primary purpose here is to present that same data in quantitative form, calibrated to international stan-REPORTS dards, update the source descriptions when appropriate, present data on a few sources recently located, and briefly discuss some of the implications these data bring to regional prehistory. For a discussion of the geological landscape and environment of southwestern obsidian sources, refer to Baugh and Nelson (1987) and Shackley (1988a Shackley ( , 1990 Shackley ( , 1992a , as well as Reynolds et al. (1986) .
Updated Geological, Geographicall, and
Archaeological Descriptive Data In the seven years since the original paper (Shackley 1988a) , five entirely new sources north of the international border have been discovered, and many more have been reevaluated based on further fieldwork and laboratory analysis (Shackley 1991 (Shackley , 1992a ; Figure 1 here). Some of these have been and will be reported more fully elsewhere, but basic descriptive and geochemical data will be presented. In many cases the secondary depositional context of known sources was found to be more extensive than believed, and the chemical variability greater than previously detected. Both of these factors can greatly affect the archaeological and archaeometric character of a source (Hughes 1994 ; Hughes and Smith 1993; Shackley 1992a). The format of this presentation is, as much as practicable, the same as the original presentation (Shackley 1988a) .
A Word About the Northern Mexican Region
A number of new and re-investigated sources of archaeological obsidian are currently being examined in a continuing project between the University of California, Berkeley, and the Instituto Nacional de Antropologia e Historia (INAH)/FONDO Nacional Arquel6,gico of Mexico (Shackley 1993b (Shackley , 1994a The density of nodules near the primary context is up to 10 per 2 m2 with nodule sizes up to 72 mm, although most are 40 to 50 mm. Ten km downstream the nodule density declines to less than 1 per 500 m2 and nodule sizes are generally near 20 mm or less. In the desert pavements the cortex is generally reddish-brown eroding to black after entering the washes. The glass is typically translucent gray, sometimes banded, and an excellent medium for tool production. Few modified cores or bipolar flakes were noted in two days of survey, although these artifact forms have been recovered from archaeological contexts in the area (Shackley 1994b (Longwell et al. 1965 ). Devil Peak is located on Stateline Pass 7.5' Provisional Quad 1985 near the center of the sheet. Here nodules are found in situ in a perlite matrix on both the east and west sides of the peak eroding into either the interior drainage basins of Mesquite Lake on the west or Roach Lake on the east. Historic perlite mining on both sides of the peak has destroyed any evidence of prehistoric production. Some tool-manufacturing debris was noted in the alluvium east of the peak toward Roach Lake (Shackley 1988b (Shackley , 1994b . The archaeological context of the eastern locus is now designated site 26-CK-3865 (Shackley 1988b) .
Perlite matrix with in situ marekanites is located on the west near the Umpire Perlite Mines between UTM 3952000 and 3951000/637000 and 639000 (no sections on map). Perlite matrix with in situ marekanites is also located on a series of very small rhyolite domes on the east flank of the Spring Mountains between UTM 3953000 and 3951000/642000 and 644000 all on the Stateline Pass 7.5 Provisional Quad 1985. The density of nodules in both areas in the perlite is up to 100 per m2, although most of the marekanites are less than 30 mm in diameter. Nodules up to 100 mm in diameter have been recovered, but most are less than 40 mm. The density of nodules on the east shoreline of Mesquite Lake is about 1 per 20 m2, and about 1 per 100 m2 on the shoreline of Roach Lake to the east. Significant chemical differences in some trace elements exist between obsidian from the east and west sides of Devil Peak. The nodules on the west side are generally superior media for tool production than those on the east. The "western" marekanites are generally more translucent and brittle, while the "eastern" nodules tend to be less vitreous and opaque and contain some plagioclase or sanidine phenocrysts. This may be due to wall rock reactions with the limestone during eruptive events on the east with the small dome structures. Bipolar cores and flakes occurred rarely, in part no doubt due to the perlite mining in the area. The only published references known are Longwell et al. (1965) and Shackley (1988b) .
Eastern Arizona/Western New Mexico
One of the more striking developments in obsidian studies in this area of the Southwest is related to the problem of understanding the secondary deposition of obsidian from some of the large Tertiary sources, and the discovery of significant geochemical variability in what was originally known as the Mule Creek source (Shackley 1992a ). In the first case, Mule Creek and Cow Canyon marekanites were found to be eroding into the San Francisco and Gila rivers at least 50 km and possibly 100 km from the primary sources. The Cow Canyon and Mule Creek marekanites are mixed in the Gila River alluvium near Safford, Arizona, in an approximate 3:1 ratio (Shackley 1992a). In this region-where in the Classic period, Hohokam, Salado, and Mogollon "boundaries" abutted-the closeness of boundary can cause considerable problems in dealing with issues of exchange and interaction when only the primary deposits are considered the "source" (see Figure 1) .
Cow Canyon
It appears that the secondary depositional extent of this source is much greater than originally mapped (Shackley 1988a) . This Tertiary source is eroding east into the Blue River, south into the San Francisco River, and west into the Gila River Table 1 Mountains) are very similar in trace element composition (see Table 1 ). Zr plotted against Nb, Y, and/or Ba is the best method to discriminate these sources using energy dispersive X-ray fluorescence (EDXRF). This can be an important issue in western New Mexico late prehistory because these sources are located in very different environments that may have had cultural significance in prehistory. It is possible that in the late period Gwynn Canyon obsidian could have been controlled by the Cibola branch of the Mogollon, while the Mule Creek sources could have been controlled by the Mimbres branch. This may or may not influence the spatial distribution of these obsidian sources in the region, and confident source assignment can become crucial. Again, the secondary distribution of Mule Creek is quite extensive to the west through the San Francisco and Gila River systems, and the presence of Mule Creek glass in archaeological contexts to the west may not necessarily indicate that it was procured in the highlands, but could have been procured from the Gila River alluvium.
Antelope Wells
In the original study, geologic investigations were hampered by land closures at the source (Shackley 1988a (Shackley , 1990 ). An important observation then: contrary to the Findlow and Bolognese (1982) study, no artifact quality marekanites could be located in the Peloncillo Mountains, and there was considerable secondary dispersion of the nodules in the area (Shackley 1990:201-202 
Analytical Methods
All samples were analyzed whole and were washed in distilled water before analysis. Nodules were split using bipolar percussion to produce a fresh, relatively flat surface. The results presented here are quantitative in that they are derived from "filtered" intensity values ratioed to the appropriate X-ray continuum regions through a least-squares fitting formula rather than plotting the proportions of the net intensities in a ternary system (McCarthy and Schamber 1981; Schamber 1977). Or more essentially, these data, through the analysis of international rock standards, allow for interinstrument comparison with a predictable degree of certainty (Hampel 1984) .
The trace element analyses were performed in the Department of Geology and Geophysics, University of California, Berkeley, using a SpectraceTM 400 (United Scientific Corporation) energy dispersive X-ray fluorescence spectrometer. The spectrometer is equipped with a Rh X-ray tube, a 50 kV X-ray generator, with a Tracor X-ray (SpectraceTM) TX 6100 X-ray analyzer using an IBM PC-based microprocessor and Tracor reduction software. The X-ray tube was operated at 30 kV, .20 mA, using a .127 mm Rh primary beam filter in a vacuum path at 250 seconds livetime to generate X-ray intensity Kca-line data for elements titanium (Ti), manganese (Mn), total iron (as FeT), rubidium (Rb), strontium (Sr), yttrium (Y), zirconium (Zr), and niobium (Nb). Weight percent iron (Fe203T) can be derived by multiplying ppm estimates by 1.4297(10-4). X-ray intensity Koc-line data for barium (Ba), lanthanum (La), and cerium (Ce) were determined by using a 241Am gamma ray source for 500 seconds livetime in an air path. Trace element intensities were converted to concentration estimates by employing a least-squares calibration line established for each element from the analysis of international rock standards certified by the National Institute of Standards and Technology (NIST), the U.S. Geological Survey, Canadian Centre for Mineral and Energy Technology, and the Centre de Recherches Petrographiques et G6ochimiques in France (Govindaraju 1989) . Further details concerning the petrological choice of these elements in Southwest obsidians is available in Shackley (1988a, 1990, 1992a ; also Hughes and Smith 1993; Mahood and Hildreth 1983; and Mahood and Stimac 1990). Specific standards used in calibration for the measurements presented here, and the practical detection limits for the elements of interest, are presented in the Appendix.
The data from the Tracor software were translated directly into Quattro Pro for Windows software for manipulation and into SPSS for Windows for statistical analyses. In order to evaluate these quantitative determinations, machine data were compared to measurements of known standards during each run. Table 2 shows a com- parison between values recommended for three international obsidian and rhyolite rock standards, RGM-1, NBS(SRM)-278, and JR-2. One of these standards is analyzed during each sample run to check machine calibration. The results shown in Table 2 indicate that the machine accuracy is quite high, particularly for the mid-Z elements, and other instruments with comparable precision should yield comparable results. Trace element data exhibited in Tables 1 and 2 Shackley 1988a Shackley , 1990 Shackley , 1995b (Figures 2 and 3) . If the multivariate group assignments do not agree with that observed in the graphic displays (bivariate or trivariate), then it would be advisable to carefully assign the artifacts to sources. One of the reviewers suggested "normalizing" the data by employing log transformations. In one sense this would produce "normaloid" data from generally nonnormal geochemical data. While this has some utility, it often dissolves the very variability (normal or otherwise) that allows one to discriminate sources. While any statistical analysis of the data requiring normality (i.e., many classification analyses) would be enhanced, the sacrifice of variability needed to discriminate may be too great. It appears that a rule of thumb agreed to by most involved with archaeological obsidian geochemistry is to use the fewest variables necessary to discriminate without modifying the data (Harbottle 1982).
REPORTS
Another important factor to consider is the region of interest. As the region of interest increases, the potential for error correspondingly increases, because, while silicic glass geochemistry is generally source specific, the level of variability that can occur is limited by what can be produced in silicic melts (Bouska 1993; Hughes and Smith 1993; Macdonald et al. 1992) . While it is tempting to assume that one can determine the provenance of obsidian anywhere on earth, it is simply not possible without defining the region. Furthermore, nothing is better than experience with the source geology and chemistry. The use of international standards by all of the labs analyzing obsidian in North America allows us to directly compare data from one lab to another regardless of whether the analysis is by NAA or XRF (Shackley 1995b ). But frankly, many source assignments are made both by multivariate analyses and graphic displays, as well as the experience of the analyst with obsidian from that region.
In response to the growing use of obsidian geochemistry in the service of understanding prehistory, for the first time a panel discussion on the subject involving international participants was organized by the International Association for Obsidian Studies (IAOS) at the annual meeting of the Society for American Archaeology in 1994 in Anaheim (IAOS 1994). Many of these issues were discussed and all agreed that: (1) all labs should freely share source data and publish often; (2) international standards should be employed for calibration statistics and analyzed routinely for comparison and adjustment; and (3) source standard data will be submitted to Ronald L. Bishop at the Smithsonian Institution's Conservation Analytical Laboratory (SARCAR) from which researchers from all over the world will ultimately be able to access the data through Internet.
Obsidian studies in archaeology are maturing and becoming an important part of problem designs and analysis. Although all the major laboratories in North America freely share data and calibrate to the same international standards ensuring comparable accurate analyses, there is still room for improvement. 1995) . There certainly appears to be a boundary between the Hohokam and Salado through which obsidian rarely penetrated, although both groups had access to the Colorado Plateau glass sources.
Archaeology and Obsidian in the Southwest
In both the Classic Tonto Basin contexts, and Classic Hohokam contexts to the south, obsidian is often most common in the platform compounds apparently controlled by the members of that group. While obsidian occurs throughout these sites, it is often cached in rooms within the platform mound complexes where nodule reduction and artifact production activities also occurred (Mitchell and Shackley 1995) . This does imply a certain value for this raw material, and, given the absence of obsidian from the other major cultural group (Hohokam versus Salado) in these sites, it suggests a level of importance beyond other flaked lithic raw materials. If ceramics and other items are exchanged over this same boundary, then the group or individuals knapping obsidian experienced different relationships. This may have been "gender" based and associated with higher status individuals. The Pueblo Grande study suggested that some "higher status" individuals may have had access to obsidian sources that other individuals did not, but the sample size is really not large enough to derive confident conclusions (Mitchell 1992; Peterson et al. 1994) .
Sauceda Mountains obsidian is the most common glass found in Classic Hohokam contexts thus far analyzed in both the Phoenix Valley and Tucson Basin (Mitchell and Shackley 1995) . It appears that all Hohokam groups had equal access and/or were involved in the same exchange relations. This has nothing to do with intersource raw material or nodule size variability, because all the Sonoran Desert sources are equal in these attributes (Shackley 1988a (Shackley , 1990 . Given this, obsidian becomes a very real indicator of exchange relationships that may have been gender and/or social group based. Much more work needs to be done, but at least southwesternists are looking at the possibilities. The data are becoming available to compare the acquisition and distribution of this high-quality raw material against other data sets such as ceramics, shell, and other nonlocal stones. This could not be done 10 or even five years ago.
Conclusion
The title to this section is, in many ways, a misnomer. Given the relatively immature character of obsidian studies in the American Southwest, and the presence of unlocated sources obvious in archaeological obsidian assemblages, a conclusion to this work may not be possible for many years. What we do know now is that most of the obsidian sources used prehistorically in the U.S. portion of the American Southwest are known, and confident inferences concerning exchange, interaction, and procurement ranges based on obsidian provenance are possible with a great degree of certainty. This study has certainly been worthwhile in that regard. The presentation of the quantitative data here should help to disseminate the important source data so that it is available to all and continues to increase our knowledge of prehistory in the greater American Southwest.
Recent archaeological obsidian projects in the region have indicated that they can indicate more complex exchange and interaction in the late period than can be discerned with many other data sets alone, or they can bolster those models based on less confident source or regional assignments (Doyel 1994; Mitchell and Shackley 1995; Peterson et al. 1994; Shackley 1995a ).
